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Staictoied light Genezatcnr 



This inveadaa tekCM to a stmctured light ^erator for iUuminating a scene such as 
mighT be uBed wi& a cangB finding apj^axatus.such as an imaging lang^ finding 
S system. 

Imaging ranga finding systedos often illuminate a scene and image the light reflected 
from the scene to deteimine range information. 

10 One known Systran, a so called ttiangulation system, uses a wuice arranged to 
Olumihate a scene with a beam of Kght such that a spot appears in the scene, A 
detector is oriented in a predetemdned fashion with respect to the source such that the 
position of the spot of light in the ^oene reveals range infoilnatton. The beam of li^t 
may be scanned in both azimuth and elevation across the scene to generate range 

15 information from across the whole scmb. In some systems the beam of light may be a 
linear beam such that one dimeonLsional iiange nifonnation is gathered simultaneously 
and tiie linear beam scanned in a perpendicalar direction to gain range information in 
the other dimmdon. 

» 

20 Tlh m'Tiati m gygtemg of this sort oftBti use laser svstemg. Las^ systems may have 
safety implications and lequite complicated and celaiively expensive scaiming 
mechanisms. La^rs are alfio relatively his^I>ower sources. 

Anothfflrtypeof illiuninallonsyfitemisdesQibedinUSpatOTtS,^^ Mere a 
25 structured light generator is desctibed which comprises a light source arranged in 

itontofapazteriiedslide which has an array of apertures iheieanr lightfromthe 

sources only tiasses through the apertmes and projects an array of spots onto the 
. scene. The range snfocination in this q^rparaba is detemiined by analysing the size 

and shq^e of the ^ots formed. 
30 . 

This type of i numination i^ystem blocks a proportion of the li^ generated by the 
sow:e however and as such requixes a relatively high power source to generate the 
iUuminationreqahBdL Further the depth offieldoftheilluncdnlitioris system is 
somewhat limited and disctimination is difficult at low rianges. 
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It is therefore an object of the in venfioii to pxovide a sccucbired light source that 
itnti^tes at least some of ihe above fflentioned disadvantages. As used in tbis 
specifU^ation the cenn structured light genoratpr shall be taken CO mean a source which 
5 prqfects a pliiiality of distinct areas of light towards a scene. 

Therefore^ according to the j^iesent invention there is provided a stnicnned light 
generator for illumiinating a scene comprising a light sqyrce arranged co illuminate 
part of the input face of a light guide, the light guide comprising a tube having 
10 substandally reflective sides and beimg arranged together with prqjecdon optics so as 
to {kroject an anray of isaasies dfthe li^t source towards liie scene. 

The light guide in efibct operas as a kaleidoscope;. Li^t&om the source is reflected 
from th^ sides of die tube and can undergo a number of reClecdon paths within the 
IS tube^ The result is that multiple ima^ of the Ught source aft praduimlu^ 
onto the scene. Thus die scene is illuminated mth an array of images of the U^t 
source* Where t!^ source is a simple light emitting diode the scene is therefore 
illuminated with an aoay of apots of Hght. 

20 The ligjht guide compiises a tube wilb substantially reflective wall^. Ptefieiably the 
mbe has a constant cross section which is conveniently a regular polygon. Having a 
regular cross section means dial Ae array of imaged of the h^ source will also be 
regular which is advantflgeous for ranging implications. A regular airay^of spots 
ensures that the scene is illuminated in a known manner and witi ease discrimination 

25 of spots for ranging pmposes: A square section tube is most preferced. 

The tube may comprise a hollow tube having reflective internal surfaces, i.e. mirrored 
internal walls- Alt^advely the tube may be fabricated from a solid material and 
arranged such that a subs^tial amount of li^t incident at an interface between Che 
30 material of the tube and surccunding material undergoes total internal reflection. The 
tube material may be either coated in a coating with a suitable reJfracti v© index or 
designed to operate in air, in which case the refractive index of Ae light guide 
material should be such that total internal reflection occurs at the material air 
in^rface. 



11 Mjy 2002 17' 01 FROM IPD MfiLUEFN TO 001633S14444 P.10 



o 



Using a tube like this as a li^fit guide tesolts in Tn]ultipl& ixoages of the li^ souice 
l>dngi^xieialed which can be projected to The light guide is easy to 

mflnufactuiB and assemble and coqple^ (he msyority of the ti^^ fiom the source to the 
5 scras. Thos low power sources such as Ughteixiittingdiod^ Astheexit 
^eiture can be small the apparatus also has a larg^ depth of field which makes it 
useful for ranging applications which requirB spots ptqjecced tiiat are separated over a 
wide range of distances. 

10 The ptojection optics may comprise a projection lett$. The projection lens may be 
located adjacent the output face of the light guide. In so7n& embodiments where the 
light guide is solid the lens may be integral to the light guide^ i«e. the tube may be 
shaped at the output face to form a lens. 

IS Preferably the projection optics are adapted so as to focus the projected array at 

telatively large distances. This provide a sharp image ^t lisrge distances and a blurred 
imaj^ at closer distances. The amount of blurring can ^ve some coarse range 
information which can be usefUI for ranging applications. The discrimination is 
hnj^oved if the light souice has a non circular shape. 

20, 

pQT ranging applications it is necessary for the range detector to be able to detect a 
spot in the scene and know unambiguously what spot in the projected array it 
cojrresponds to. Providing coarse ran^ informatioQ in the focussing can help remove 
some ambiguity. TheErefore the projection qptics are pinefoably adapted to prov^ 
25 substantially focussed image at a first distance and a substantially unf ocussed image 
at a second cfistance. the &st and second distance being wittiin the expected ran^ of 
operation of tiie iq^^aiatus. A$ mjentioned the fltst distance may be larger.than the 
second distance. 

30 In order to ftuther remove ambiguity the light source may have a sh^ which is not 
symmetric about the axes of foflection of the guide. If the light souice is not' 
symmetrical about the ai^is of reftecticm the lig^t source will be difiFexent to its mirror 
image* Adjacent spots in the projected array are mirror images and so shaping the 
lig^t source in this manner would allow discnmination between adjacent spots. 
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The apparatus may coixipiise more than one Uglht $oiixce. each light Bornce arr^ged to 
illummflte pazt of the input face df die li^t guide. Ushig mote thiui one light source 
can improve the spot resolution in the scene. Pieferabiy the more than one light 
5 soitzces aie aizanged in a tegular pattern. The light sources may be arranged such that 
different airangements of sources can be used to provide differing spot densities. For 
iixstance a single source coiild I>e located in the centre of the input face of the light 
guide to pR) vide a certain spot den^ty. A sepacate two by two array of aouices could 
also be azTioiged on the input face and could be used instead of the central source to 
10 provide an increased spot density. 



to emit light at % dlffer^t vtrovelength to anotiie^ Jlight source. Using souices with 
dlff(srmt wavdcmgths means that the arcay of $pot& projected into a scene will have 
15 diffedng wavelengths, in effect the sources and hence conne^onding spots will be 
differrat colours - al&ough the aldtUed perscoi wDI iqcipreciate that the tmn colour is 
not meant to imply operation in *e visible spectrom- Having varying colours will 
hdip remove anibigoity over which spot is which in die projected array. 

20 Altemaiively at least one lig^t source could be shaped differently finom another light 
source, preferably at least one lig^t source having a shape tiiat is not symmetric about 
a reflection axis of the light guide. Shaping the li^t sources again helps discrinuMte 
between spots in the array and having jdie sh^es non syznmettical means that minor 
images will be dififerent, fbither improving disonmination as described above. 

25 

At least one light source could be located within the light guide, at a different depth to 
another light source. The angular separation of the pnjjected array finom a 
kaleidosc^^ is determined by the ratio of its length to its v^ddih as will b& described 
later. Locating at least one light source within the kaleidoscope effectively shoitens 
30 the effective length of light guide for that Ught source. Therefore the resulting pattern 
projected towards the scene will comprise more than one army of spots having 
different periods. The degree of overlap erf the spot win themfqre change with 
distance from the centre of the array which can be used to identify each spot uniquely. 



Where more tlian one light sources are u$ed at least one ll£^t source could be arranged 
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The light 60UZOQ may be deranged to run from (me si de of flie input face to anollier 
such that the stnicuned light genetatar ilbnmnaied the scene ^tb an azray of lines. If 
a light somce is used whJdi is acrEmged to ran firom one side of the input face of the 
light guide CD another in a diiecHofi oithogcmal to a reflection axid the effect will be 
5 that a constant line is projected onto the scene which can be xiseful for some 

applications. In some embodimeiits it may be wished to Uluininate the scene with 
intersecting lines. The points of intersection between the lines may be used for 
identification for ranging purpose in a similar manner to separated spots as described 
above. The points of intersection could then be used to locate the range to that point. 
10 That range infoimatioo could then be used to allow ranging to any oflier point on the 
line allowing niore detailed range infotmation to be gathered. In some cases however 
is may be best to range to separate spots and then activate the lines in which case the 
light source may be adapted to illuminate the light guide so as to produce an anay of 
lines or an anay of separate spots. 



o 
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The tnventLon will now be described by way of cxmspl^ only witti reference to the 
foDowlng drawings of which; 

S Fjgui^ 1 shows a stcuctuied light sotiice according to the present anvention, 

Figuie 2 illustrates how the stiuctuied light source projects xxodtiple spots, 

HgiuG 3 showfi anothef emboffiment of a structured light generator according to the 
10 pzeseat invention, 

Figui^ 4 shows the input face of a light guide of the present inveniion having a 
plurality of light sontvses, . 

15 HgQ» 5 shows the input face of a Vi^t guide of the present invention haymg a 
plurality of sh^ed light sources and part of the pattsem projected towani the scene, 

Hgu^ 6 shows a structured li^t sonrce having two Ught sources arrant at different 
d^iths andapartof Che patfsni projected towards the scene, 

20 

Figure 7 shows the output pattern of a stmetured light source ananged to lUmninate 
the sceaie with a plurality of lines, and 

Figure 8 iUnsttates the input face and output pattern of a stnictwedlight source 
25 arranged to iUurainate the scene with sat array of inteisecting lines. 




A structured light source generally indicated 2 according to the pa:esent invention is 
30 shown in figure 1 - A light soutre 4 is located adjacent an input face of a kaleidoscope 
6. At the other end is located a simple projection lens 8. The projection lens is shown 
spaced from the kaleidoscope for the purposes of clarity but would generally be 
located adjacent the output face of the kaleidoscope^ 



11 NDU 2002 17S02 FROM IPD MRLUEFW TO 001633814444 P.14 



7 

lli»Ug|itsource4i5anin&B2sdeim tnftaredis 
usefiol for ranging applicaHons as tbe array of projected spots need not int^r&re with a 
vimi im^e betdg acquixed and infrared LHDs and detectors are ceasonably 
inaxpenrive. However the skilled person would appreciate fhac othw wavelengOis and 
odier 1i^ sources could be used far other dppJications without departing from die 
splrii: of the invention. 



The kaleidoscope is a hollow tube with internally reflective walls. The kaleidoscope 
could be made firom any mateTial with suitable rigidiiy and the internal walls coated 

JO with suitable dielectric coatings. However the sIdUedpeison would ajppreciace that 
the kaleidoscdpe could comprise a solid bar» Any matoial which is transparent ac the 
wavdength of opoadon of the LED would snfSce, such as clear optical glass. The 
matfi»dal would need to be arran^d sijch that at the interface between the 
kaleidoscope and the smrounding air the li^t is totally intemaQy reflected within, the 

15 kaleidoscope. Whei« high projection angles are required this could i^i^ 

kaleidoscope mat3mal to be cladded in a reflective material. An ideal Icaleidoscppe 
would have perfectly rectilinear walls with 100% reflectivity. It should be noted that 
a hollow Icaleidoscope may not have an input or output face as such but the entrance 
and exit to the hollow kaleidoscope should be regarded as the face for Ihe purposes of 

20 this specification. 

The effect of the kaleidoscope tube 1$ such that multiple images of the LED cm be 
seen at the output end of the kaleidoscope. The principle is illustrated with reference 
to figure 2. light &ozn the LED 4 may be transmitted directly along the kaleidoscope 
25 undergoing no reflection at all - path 10. Some light however will be reflected once 
and wUl follow path 12. Viewed firom the end of the kaleidoscope this will t^ult in a 
virtual soijrce 14 being seen. light imdergoing two reflections would travd along 
path 16 resulting in another virtual source 18 bdng observed* 

30 lliedyhnensioxis of the device aie tailored for the in^ Imagine that 

theLED4e(m]tsUghtintoaconewithafull angleof 90^ The number of spots 
viewed on either side of fh^ oentre. unreflected, spot will be equal to the kaleidoscope 
Imffh divided by its width. The ratio of spot separadon to spot size is detennined by 
the ratio ofkaleidosccrpewidthtoIiED size. Thus a 200^1^ wide LED and a 
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kalaidoscopd 30asxsi long hy 1mm squaxe wiH produce a square grid of 61 spots on a 
side separated by five times their widQi (when focussed). 

FrojecUon lem 8 id a simple singlet lens arranged at the c;nd of kaleidoscope and is 
5 chosensoastQprojectChearrayof iiziagesof theI£D4c^ The 

projection geometty again can be chosen according to the application and th^ d^th of 
fiddrequiiied but a simple geometry is to place the an:^y of spots ac or close to the 
focal plane of the len$* 

10 For some ranging applications it is advantageous that the spots are focussed at one 
likely tange and nnfocassed at another likely range« Where a structoied lig^it 
genecator according to the present invention is nsed for ranging applications the scene 
is illununated with a projected array of spots. A detector arranged to deHArwine the 
locadoR of spots in the scene can then worlc out die angle and hence range to that spot 

15 hut only if it can detennine exactly whi(A spot is whi^ Ddsrmlnation of whether a 
spot were focossed or not would give a roug^ indication of range and hence remove 
some ambigMity about which spot was being consid^ned. Iliis discrimination can be 
Imi^vedif theLED is a particular sh^pe, such as square dO that an in-focus spot is 
also square. An unfocussed spot would be more circular in shape. 

20 

In one CTboffiment of die invention xte light soinx^e is shaped ao as to allow 
discrimination between acgacent spots. Wxm the lij^i $ourcc is symmetric about the 
appropriate axes of reflection the spots produced by the system are effectively 
identical. However where a non synmietrically ahqied source is used adjacent spots 
25 will be distinguishable minor images of each other. The principle is illuatrated in 
figures. . 

The structured Hgfat generalor 2 comprises a solid tube of cdear optical glass 26 having 
a square cross section. A shaped LED 24 is located at one face. Theotiiff endoftube 
30 26 is siiaped into a projection lens 28, Kaleidoscope 26 and lens 2B are therefore 
integral which increases optical efSciency and eases manufacturing as a $1ngle 
moulding step may be used. Altemadvely a separate lens could be optically cemented 
to the end of a soUd kaleidoscope widi a plane output face. 
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For the putpos^ cf iUiistrstion LSD OA is shomi as an am>w pointing to cme comer of 
the kaleidoscope, top right in this illustration, lite image f omoed on a screen 30 is 
shown. A central image 32 of the LED is fbnned conesponding to an umieflected 
spot and ^gain has the anow pointing to the top rig^L Note that in actual fact a simple 
5 projection lens will project an inverted imt^ and so the imagra formed would 

actually be inverted. However the images aie shown not inverted for the purposes of 
esiplanation. The images 34 above and below the central spot have been once 
reflected and therefoze are it mxrtor image aboot the x-axis, i.e. the arrow points oo the 
bottom light The next images 36 above or below however have been twice leflecced 

10 about the x-axis and so ate idtetical to the centre image. Similarly the images 38 to 
the left and right of the centre image have been oiK:e reflected with regard to die y«- 
axis and so the arrow ^pears to point to the top left The images 40 diagonally 
adjacent the centre spot have been reflected once about ihe x-axis and once about (he 
y<-axifi and so the SHOW appears to point to the bottom left. .Thustfaeorientadon ofihe 

15 arrow in the detected image gi ves an indicad on of which spot is being detected. This 
technique altowa diS(»mination betwera adjacent spots but not subsequent spots. 

Additionally or altemadvely more than one light source could be used. The light 
sources could be used to give variable resolution in terms of spot density in the scene, 
20 or could be used to aid discriminadon between spots, or both. 

For example if more than one LlBD were used and each LED was a different colour 
the pattern projected towards the scene would have difTerent coloured spots therein. 
The skilled person would appreciate that the term colour' as used herein does not 
2S necessarily mean different wavelengths in the visible spectrum but m^ely that the 
LEDs have distinguishable wavelengths. 

The arrangement of USDs on the input face of &e JcBletdoscope effects the anray of 
spots projected and a regular arrangement is preferred. To provide a regular array the 
30 USDs should be tegularly spaced ftorn each other and the distance from the LED to 
the edg^ of the kaleidoscope should be half the separation between LEDs, 



Hgore 4 shows an artanj^ment of LEDs that can be used to give differing spot 
dmsities. IMrteen LEDs are arranged on the input face 42 of % square section 
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kaleidoscope. ^Gne of the LEDfi, 46 & 44a h, die arranged in a r&giilar 3x3 squaie 
grid pattern with the trnddle LED 46 centted in the middle of the itaput fate. The 
remaining four LEDs, 48a - d am arrmged as diey would be to give a xegolar 2x2 
grid. The structured Ug^t gsnerator can then be operated in three dififeent modes. 
5 Either the cezitxal LSD 46 could be operated on its owut this would prajc^ a regular 
amy of spots as descijbed abo ve^ or multiple L^a could be opea:at^r For inscance, 
the four USDs 48ard atranged in the 2x2 arrangement could be illuminated to give an 
axray ynfti four times as many spoca produced than with the centre LED 46 alone. 

10 The different XJEDarran^ments could When used to 

illumindte scenes whei^e the targets are at close range the single !LED noay generate a 
sufficient number of spctts for disciiininatiOR. At hitemiediate or longer ranges 
however the spot density may drcip below an acceptable level, in which case either the 
2x2 or 3x3 aixay could be used to increase the spot density. As mentioned the I£Ds 

IS could be diEferent colours to improve ^scriminatioa betw»n differeait spots. 

Wheie multiple sources are used appropriate choice of sh^ or colour of the sources 
can give further discriminadon. This is illustiattidwidi respect to figure 5. Here a 
2x2 array of dific^enfly shaped sources, 52, 54, 56, 58 is iUu$tx»ted along with a 

20 portion of the pattern produced. One can tfaii± of the xesidt^t pattern formed as a 
died array of images of the input £ace SO of the kaleidoscope with eadfi adjacent tile 
being a mixrorlmatge of its ri^^bour about the appropriate ^ Looldngjustinthe 
X-axis then die array will be built up by spots corresponding to LEDa 52 and 54 and 
followed by spots corresponding to flidr tniiror images. The resultant pattern means 

25 that each spot is difiFerent from its next three nearest nei^bours in each direcdon and 
ambiguity over which ^>ot is being observed by a detector would be reduced. 

Where multiple sources are t^d the sources may be arranged to be switched on and 
off independently to fnrtbw aid in discrimination. For instance several USOs could be 
30 used, arranged as described above, with each LED being activated in turn. 

Alternatively the array could generally operate with all LEDs illuininatBd but in 
response to a control signal from a detector which suggests some ambiguity could be 
used to acdvare ot deactivate some accordingly. 
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la a fuitiier embodiment iighia TOuic^ 

kaleicloscop6. Th© angular fcpaiatwhrfacgacciit beams ft6»m the kakddos^ 
depends up<>rt the nido between the lengm and vd 

above. Kgm© 6 shows a square section kalddoscope 66 and projection lens 68. The 
5 kaleidoficope tube 66 is fonned from two pieces of material 66a and 66b which may 
be dear optical glass or any oflief suitable maieilaL A first LED 68 is located at the 
input face of the kaleidoscope as discussed above. A second LED 70 is located at a 
dllBerent depth within the kaleidoscope, between the two sections 66a and 66b of the 
kaleidoscope. The skilled person would be well aware of how to join the two sections 
10 66a and 66b of kafeidosct^ to ensure maxinuim efficiency and located the second 
LED 70 between the two sections. 

The resulting pattern contains two grids with diffeient periods with the grid 
corresponding to the second LED 70 partially obscuring the grid conesponding to the 
IS first LED 68, As can be seen the degree of separation between the two spots varies 
with distance ftotn the centre spot. The degree of separation or offset of the two grids 
could then be used to identify die spots uniquely. The UEDs 68, 70 could be diffatent 
colours as described above to improve discrimination, 

20. Up until now the invention has been described with refisnaice to producing (fiscietb 
spots. The invention could be used to project ccmlinuous lines onto the scene 

however. A light source comprising a strip irauiiijg&om one Mde of the inpot face to 
the other and located centaally would ptoduce an array of continuous lines as shown 
in figure 7. Similarly s square grid could be produced by use <^ a cross-shaped light 
2S source as shown in figure 8; 

Refening to figure 8 a cross shaped IJBD 60 is ananged on the ftiput face of 1^ 
kaleicbiscope. "nds result in the pattern of interseciing lines 82 showti being projected 
lowaidB the scene, lite points of intersection of die Knes in the output pattern can be 
30 seen as separately identifiable spots. A detector could detect a point of nrtenasction in 
the same way as it could detect a disttact spot as described above. However a detector 
having located the range to a point of MiBiseotton could then also detetmfaie lange 
infomaation to any other point along the intersecting line. Therefor In some 
appUcations pKrieetitig a grid of Inteisecting lines can be advantageous in fliat the 
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ses<dHti(mof SiesaagiagappartiMcpiadbeaijSBMsc^ jaentificafion of apointof 
inteiwctionimybeIesseasythaalderitiflcaticmofaiinique.s^ In which 

case (he cross «haped UED could compnse a separate central pojtion 84 which is 
indepeadently pperaible, Aotivaiion of just the centfal pardon 84 would result in an 
5 anayofdiMnct spots b^imrfuwd as descnTjed with lefe^ 1 and2. 

Once ihe lange l» each spot had been df^amined file test of 80 co^ 
aotivatiBd to provide addicionai detail fcwiangiitg: 



11 mU 2032 17:04 FROM IPD nPL.UERN TO 0B1633814444 P.2B 



13 

CLA m 



A stnictiUBd gBnerator ftjr ilhinjlnatiag a scwb comprising a Hght somee 
ana^ged to iDununate pait erf the inpm £Bce of a fight gm 
comptisiAg a tube hayfng sabstantially reflective sides and being ananged 
togedier vdth prqfection optics so as to project an array of distinct images of 
the li|^t soiuce tonraids the sceaie. 

A stractmed light generator as claimed in claim 1 wherein the light guide 
cranpnaea a tube having a constant cross section. 

A structured light source as claimed in claim 2 wherein the cross section of the 
tube is a zi^tiiat polygon. 

A stiootured iij^ source as claimed in claim 3 whez^ the tube has a square 
cross section. 



A structured Jight source as claimed in any preceding claim wherein the Kght 
guide comprises a hollow tube having leflectivB internal surfeoes. 

A structuKsd Hght source as claimed in any of chAm 1 to 5 wherabi the light 
SVide comprises a tube of solid material adapted snch that a substantial 
amount of Hg^t incident at en inux&ce between the materi al of the tube and 
sunoundii^ matBrial undergoes total Internal reflectian. 

A atmctored light source as claimed in any pxece^Ung claim whetein the 
ptty'ecdon optics oonqtrises a projection leas. 



A stractmed light soince as claimed in cMm 7 when dependent upon daun 6 
wfaraefai die tube of soHd material is slu^ at (he ontpm face to term the 
psojection lens. 

A stractuied light source as dabtKd in any preceding claim wherein the 
pngection optics are prefersbly adapted to provide a substantially focussed 
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image at a Sxst ^iistatice and a substanti ally unfocussed image at a second 
distance, die flist and $econd distance bring within die cscpected range of 
operation of die apparatiia. 

10. A stmciured liglit somoe as citdtned in claim 9 wherein die first distance may 
be lar^r than die second distance, 

11. A stiuctuied ligjit somicd as claimed in any preceding claim whotoin the light 
source has a non-citckilar shqpe. 

12. A stroctured light $ourec as claimed in claim II wherein die light source has a 
shape which is not symxtietric about the axes of reflection of the light guide. 

13. A structured light source as claimed in any preceding claim comprising more 
than one light source, each ligho: source aixanged to illuminate part of the input 
face of the light guide. 



14- A structured light source as claimed in claim 13 wherein die Hght sources are 
arranged in a regular pattern. - 

15. A structured light source as claimed in claim 13 or claim 14 wherdn the light 
sources are arranged such diat different an^gements of sources can be used 
to provide differing spot dcnsiiles. 

16. A structured li^t source as claimed in any of daims 13 to 15 whereto ar least 
one light source emits light at a diflperent wavelengdi to anotho- light source. 

17- A structured ligiit source as claimed m any of claims 13 to 16 wherein at least 
one lij^t soorce is shaped difi^ndy fcom another light source. 



IS. 



A stmctuisd light source as claimed In any of claims 13 to 17 wheieni at least 
one li^t sounre has a shape that is not symmeuic about a reflection axis of the 
light guide. 
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A stnsotuiBd light soonse as cltdmed ia any at claims 13 td 18 wherein at least 
one Ue^Bonice is locaied within the light guide, atadiffiaem depth to 
another light source. 

A atnictoiBdIigfatsonice as daimedin aiiy of claim? 1 to 14 wherein the light 
souece is azanged to run firam one side of the input feee to another such that 
the stnictaiBd light generator ilhiaiinates the scene withan anay of Hnes. 

A smictuwd light souice as claimed in claim 20 wherein flie light source is 
arcanged relative to the figjht guide so as to iUominate the scene with 
intersecting lines. 

A stnictuzed light source as dainied to daim 20 w claim 21 wherain the light 
source may is ad^ted so as to he capable of iDmninate the Ught guide so as to 
produce either an array of lines or an array of separate spots. 
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ABSTEIACT 

Stmctmed Lig^t Generator 

This invention letates to an mumination means for inuminaiins a scene with a two 
dimensicHial pattern of intensity, such as an attay of distinct spots or array of lines. A 
light souice (4) such as an LED is arranged to illuminate the input face of a light 
guide (6). tTie Hgjit guide compcifies a solid or hollow tube, generaUy of a constant, 
regular cross section which is airanged to create myltiple images of the light sourcei 
Projection optics (8) is ananged to project the anay towards the scene. 



Hgure 1 should accompany the abstract. 
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